Background: The purposes of this study were to measure both the mRNA and protein expression levels of high-temperature requirement serine peptidase 1 (HtrA1) in human esophageal cancer tissues and their adjacent, comparatively normal esophageal tissues.
Background
Multimodality therapy for esophageal cancer has improved patient outcomes and is favored by the current standard of practice for surgical patients [1] [2] [3] . Neoadjuvant chemoradiotherapy followed by surgery appears to increase resectability, produce tumor downstaging and improve local control, disease-free survival and overall survival compared to surgery alone [4] [5] [6] [7] . However, esophageal cancers have a poor prognosis and a 5-year survival rate of less than 10% [8, 9] . This poor outcome is mainly due to frequent and extensive invasion outside of the esophagus or regional lymph node metastasis, which can occur during the early stages of esophageal cancer [10, 11] . The occurrence and development of esophageal cancers is the result of the cooperative action of multiple genes. Therefore, searching for genes associated with the occurrence and development of esophageal cancer and its metastasis has become a heavily investigated topic in current studies. Examining the genes associated with the occurrence, development and metastasis of esophageal cancer may provide a theoretical foundation and potential therapeutic targets for the treatment of metastatic esophageal cancer.
The mammalian HtrA serine protease family is composed of homologous serine proteases with different domains [12] . HtrA, also known as DegP, is a membrane serine protease with properties similar to those of heat shock proteins. HtrA is widely expressed in various microorganisms, plants and animals [13, 14] . HtrA acts as a molecular chaperone at low temperatures, whereas at high temperatures, HtrA functions as a serine protease involved in cellular defense against various stress conditions, such as heat shock, oxidative stress, inflammation, ischemia/ reperfusion and cancer, and HtrA degrades misfolded proteins within the cytoplasm [15] [16] [17] . Currently, four members have been reported as belonging to the human HtrA family: HtrA1, HtrA2, HtrA3 and HtrA4 [18] . HtrA1 was the first member identified in the human HtrA serine protease protein family. HtrA1 is a secreted protein that is involved in the degradation of the extracellular matrix. Initially detected in fibroblasts infected with simian virus 40 (SV40), HtrA1 was also later found in cases of cartilage arthritis in which it played a positive role in regulating osteoarthritis [19, 20] .
HtrA1 is considered to be a tumor suppressor gene that reduces the transforming ability of fibroblasts and suppresses the growth of highly invasive tumors, such as ovarian cancer and invasive melanoma [15, 20, 21] . In addition, previous research has reported that HtrA1 protein expression is associated with tumor migration and metastasis [22, 23] . The expression of HtrA1 in human esophageal cancer tissues, as well as its relevance in the occurrence and development of esophageal cancers, has not yet been reported. Also, there have been no reports correlating HtrA1 expression with esophageal cancer cell metastasis. This study utilized semi-quantitative RT-PCR (reverse transcription-polymerase chain reaction) and Western blotting to measure HtrA1 mRNA and protein expression in human esophageal cancer tissues and their adjacent normal esophageal tissues. We also used RNA interference or transfected an HtrA1 recombinant plasmid to downregulate or overexpress the HtrA1 protein in the Eca-109 human esophageal cancer cell line. Subsequent changes in the invasiveness of Eca-109 cells were observed, and the relationship between HtrA1 protein expression and the occurrence, development and metastasis of human esophageal cancer was explored.
Methods

Specimens
Fresh specimens from 63 cases of esophageal cancers treated in the Third Affiliated Hospital of Harbin Medical University from June 2004 to June 2010 (50 males, 13 females) were surgically removed and immediately stored in liquid nitrogen for future use. No patients received preoperative chemotherapy or radiotherapy, nor did any patients have histories of other treatments. Also, the tumors were not associated with other inflammatory diseases. The pathology department in our hospital confirmed all 63 cases of surgically resected esophageal cancers and their adjacent normal esophageal tissues (more than 5 cm away from the cancerous tissue). The ages of the patients ranged from 45-79 years with a mean age of 73.42 years. There were 19 cases younger than 60 years and 44 cases equal to or older than 60 years. The primary tumor was smaller than 3 cm in 36 cases and greater than or equal to 3 cm in 27 cases. In terms of differentiation, 34 
Reagents
To detect HtrA1 mRNA expression, the upstream primer P1 for HtrA1 (GenBank no.: NM_002775.4) was 5'-TGG ACG GTG AAG TGA TTG G-3', and the downstream primer P2 was 5'-AGC TCA TGC CTC TGC CTA T-3'. The size of expected amplification product was 455 base pairs (bp). According to the sequence of the human HtrA1 mRNA in GenBank and an analysis of its restriction digestion sites, we used the primer premier 5.0 software to design a pair of primers to amplify the HtrA1 open reading frame (ORF). The upstream primer used for HtrA1 amplification was 5'-CG GGATCC ATG CAG ATC CCG CGC GCC GC-3', which contains a BamHI restriction site. The downstream primer used for HtrA1 amplification was 5'-CC CTCGAG TGG GTC AAT TTC TTC GGG AA-3', which contains an XhoI restriction site. The upstream primer for the internal reference, GAPDH (GenBank no.: NM_002046), was 5'-CCA CAG TCC ATG CCA TCA CT-3', and the downstream primer for GAPDH was 5'-TCC ACC ACC CTG TTG CTG TAG-3'. The expected amplification product was 451 bp. All of the above primers were synthesized by the Shanghai Invitrogen Biotechnology Company.
The primary antibody against HtrA1was a rabbit antihuman polyclonal antibody, and the primary antibody against β-actin was a mouse anti-human monoclonal antibody. Both primary antibodies were purchased from Abcam, UK. The secondary antibodies were IRDye 800 conjugated, affinity-purified, goat anti-mouse IgG and IRDye 800 conjugated, affinity-purified, goat antirabbit IgG, both of which were purchased from the Odyssey Corporation.
The vectors (pcDNA3.1 and pGEM-T) and the Trizol total RNA extraction kit were purchased from Invitrogen, USA. The restriction enzymes BamHI and XhoI and the DNA size marker were purchased from TaKaRa, Japan. The reverse transcription kit was purchased from Qiagen, Germany. The T4 DNA ligation kit was purchased from Promega, USA. Taq DNA polymerase and pre-stained protein molecular weight standards were purchased from Fermentas, USA. The HtrA1 siRNA (5'-Fluo-CGGCCGAAGUUGCCUCUUUTT-3') and the negative control siRNA (5'-Fluo-UCCUGCUGGAGCCU CAUGUTT-3') were purchased from Sigma Aldrich, USA. The Eca-109 human esophageal cancer cell line was purchased from the Shanghai Institute of Cell Biology, Chinese Academy of Sciences. RPMI 1640, trypsin, fetal bovine serum and the Lipofectamine 2000 transfection reagent were all purchased from Invitrogen, USA. Tissue culture plates and the Transwell invasion chamber were purchased from the Corning Corporation.
RT-PCR
One hundred milligrams of esophageal cancer tissue or its adjacent normal esophageal tissue (more than 5 cm from the cancer) were collected separately and homogenized in1 ml of Trizol reagent. Total RNA was extracted in accordance with the procedures outlined in the Trizol product manual. The reverse transcription kit was used to perform the reverse transcription reaction. The firststrand cDNA was synthesized according to the product manual and stored at −20°C for future use.
The HtrA1 and GAPDH primers were synthesized by the Shanghai Invitrogen Biotechnology Company, dissolved in ddH 2 O and stored at −20°C for future use. One microliter of cDNA was added to a 25-μl PCR reaction. The amplification conditions consisted of an initial denaturation for 5 min at 94°C followed by 30 cycles of amplification with denaturation for 30 s at 94°C, annealing for 30 s at 56°C, extension for 30 s at 72°C and a final extension for 10 min at 72°C. PCR products were verified by electrophoresis on a 1.5% agarose gel. The relative HtrA1 mRNA content was determined by the ratio of HtrA1 to GAPDH intensity, which was calculated using the QuantityOne software (Bio-Rad, USA).
Western blotting
Fifty milligrams of tissue sample that had been frozen in liquid nitrogen was ground and homogenized in 1 ml of RIPA lysis buffer [150 mM NaCl, 1% NP40, 0.5% sodium deoxycholate, 0.1% SDS, 50 mM Tris (pH 7.9), 10 mM NaF, PMSF and 1 × protease inhibitors (Complete cocktail tablets, Roche)]. The homogenate was transferred to a 1.5-ml centrifuge tube and centrifuged at 16,000 × g for 30 min. The concentration of the total protein in the supernatant was measured using the BCA Protein Assay Kit (Shanghai Biocolor BioScience & Technology Co.). Ten micrograms of total protein from each esophageal cancer case was mixed together and used as a single combined esophageal cancer tissue protein sample. The same was done to create the adjacent normal esophageal protein sample.
A polyacrylamide gel consisting of a 5% stacking gel and a 12% separating gel was cast. A total of 50 μg of protein was loaded per lane, separated by electrophoresis and transferred to a PVDF membrane via the wet transfer method (Bio-Rad, USA). After blocking in a solution of 5% non-fat milk in TBST [10 mM Tris-HCl (pH7.5), 150 mM NaCl and 0.1% Tween-20] at room temperature for 1 h, a rabbit polyclonal anti-human HtrA1 antibody (1:500 dilution) or a mouse anti-human β-actin monoclonal antibody (1:1,000 dilution) was applied to the blot and incubated at 4°C overnight. The appropriate IRDye 800 labeled secondary antibody (1:2000 dilution in PBS) was added and incubated at 4°C overnight. After washing with TBST, the membrane was scanned with the Odyssey Infrared Imaging System (Rockland Co.). The relative HtrA1 protein content was determined using the ratio of HtrA1 intensity to β-actin intensity, which was analyzed using the QuantityOne software (Bio-Rad, USA).
Immunohistochemistry
The 4% paraformaldehyde-fixed tumor tissue was paraffin embedded, cut into 5-μm serial sections and blocked with normal goat serum at room temperature for 20 min. The tissue section was probed with the HtrA1 antibody (at a working dilution of 1:200) at 4°C overnight and then washed three times with PBS for 2 min each. The section was subsequently probed with the biotinylated goat anti-rabbit IgG secondary antibody (at a working dilution of 1:150) at 4°C overnight and washed three times with PBS for 2 min. The section was stained by SAB at 37°C for 20 min, was washed with PBS four times for 5 min and then was incubated in DAB at room temperature for 10 min. The section was stained by hematoxylin and observed using a Leica microscope. Yellow and brown staining in the immunohistochemical results was considered positive.
Transfection of pcDNA3.1-HtrA1 and HtrA1 siRNA into Eca-109 cells and measurement of cell invasiveness and metastasis PCR amplification was performed using the first strand cDNA derived from the adjacent normal esophageal tissue as the template. The HtrA1 upstream and downstream primers were used for the PCR amplification. The PCR product was ligated into the pGEM-T vector. After confirming proper ligation by restriction enzyme digestion, the properly constructed recombinant plasmid was sent to Shanghai Invitrogen Biotechnology Co., Ltd., for DNA sequencing. After sequence verification, both the recombinant plasmid pGEM-HtrA1 and the pcDNA3.1 vector were subjected to a BamHI and XhoI double digest. The digested products were purified, and the HtrA1 gene was ligated into the pcDNA3.1 vector using T4 DNA ligase. The recombinant plasmid, pcDNA3.1-HtrA1, was transformed to DH5α competent cells to amplify and isolate the construct.
Eca-109 cells were seeded into six-well tissue culture plates at a concentration of 1 × 10 6 cells per well. After an overnight incubation, the recombinant pcDNA3.1-HtrA1 plasmid and the sense or antisense HtrA1 siRNAs were transfected into Eca-109 cells using Lipofectamine 2000. A Western blot was used to detect the changes in the HtrA1 protein expression levels in each group of cells to verify the effect of RNA interference or the overexpression of HtrA1. A Transwell chamber invasion assay was used to measure changes in the invasiveness of the Eca-109 cells between the untransfected control group, the empty vector-transfected control group, the HtrA1 siRNA-transfected group and the recombinant plasmid pcDNA3.1-HtrA1-transfected group. The number of cells crossing the Transwell polycarbonate membrane was counted using a Leica microscope. Cells that crossed the polycarbonate membrane were considered to be invasive. A total of eight fields were randomly observed.
Statistical analyses
The Stata 7.0 statistical software was used for statistical analyses of the experimental results. The statistical methods used were the chi-squared (χ 2 ) test and Student's t test. A p-value of less than 0.05 was considered to be statistically significant.
Results
RT-PCR detection of HtrA1 mRNA expression in esophageal carcinoma tissue
The RT-PCR produced amplified products of the expected sizes (i.e., 455 bp and 451 bp for HtrA1 and the internal reference GAPDH, respectively). The PCR was followed by DNA isolation, cloning and sequencing. The percentage of positive HtrA1 expression in human esophageal cancer tissues and their adjacent normal esophageal tissues was 42.86% and 68.25%, respectively. HtrA1 mRNA expression in the esophageal cancer tissues was significantly lower than in their adjacent normal esophageal tissue (p < 0.05). More highly undifferentiated esophageal cells displayed lower HtrA1 mRNA expression levels (p < 0.05). The HtrA1 mRNA expression in tumors of early pathological stages (I-II) was significantly higher than in tumors of mid-to-late pathological stages (III-IV) (p < 0.05). Patients with positive lymph node metastasis had significantly lower HtrA1 mRNA expression levels than did patients with negative lymph node metastasis (p < 0.05). Patients with positive distant metastasis had significantly lower HtrA1 mRNA expression than did patients without distant metastasis (p < 0.05) (Figure 1 ). HtrA1 mRNA expression was not associated with a patient's gender, age or tumor size (p > 0.05), as displayed in Table 1 .
Western blot detection of HtrA1 protein expression in esophageal cancer
Western blot analysis revealed that HtrA1 protein expression in esophageal cancer tissue was significantly lower than in the adjacent normal esophageal tissue (p < 0.05). Indeed, the more undifferentiated esophageal cells displayed lower HtrA1 protein expression levels (p < 0.05). Early pathological stage (I-II) tumors had significantly higher HtrA1 protein expression than did the mid-to-late pathological stage (III-IV) tumors (p < 0.05). Patients with positive lymph node metastasis had significantly lower HtrA1 protein expression levels than did patients with lymph node-negative disease (p < 0.05). Patients with positive distant metastasis had significantly lower HtrA1 protein expression levels compared to patients with distant metastasis negative disease (p < 0.05). The results are shown in Table 2 and Figure 2 .
Immunohistochemical detection of HtrA1 protein in esophageal cancer and the adjacent normal esophageal tissue
HtrA1 staining was mainly localized in the cytoplasm, and no positive staining was detected in the nucleus. HtrA1 protein expression in esophageal cancer was significantly lower than that in adjacent normal esophageal tissues (Figure 3 ).
The effect of HtrA1 expression levels on the in vitro invasiveness of the Eca-109 human esophageal cancer cell line
We successfully constructed the recombinant pcDNA3.1-HtrA1plasmid and used Lipofectamine 2000 to transfect the plasmid into Eca-109 cells to overexpress the HtrA1 protein. Additionally, HtrA1 protein levels were reduced by RNA interference. The changes in the invasiveness of the Eca-109 human esophageal cancer cells were tested using a Transwell invasion chamber. Eca-109 cells were divided into four groups: the untransfected control group, the recombinant plasmid pcDNA3.1-HtrA1-transfected group, the siRNA control-transfected group and the HtrA1 siRNA-transfected group. Western blot analysis revealed that HtrA1 protein expression levels were significantly increased in the Eca-109 cells transfected with pcDNA3.1-HtrA1 (p < 0.01) ( Table 3 (Figure 4 ). These data suggest that an increased level of HtrA1 protein can reduce the invasiveness of t Eca-109 cells, whereas a reduced level of HtrA1 protein promotes Eca-109 cell invasion. This finding also indicates that HtrA1 protein expression levels are negatively correlated with Eca-109 cell invasiveness.
Discussion
HtrA1 was the first identified member of the HtrA serine protease family. Structurally, HtrA1 has two isolated homology regions. The C-terminal region contains the highly conserved insulin serine protease (SP) region and the PDZ region, which are regions specific to the HtrA family. The N-terminal region contains domains homologous to the insulin-like growth factor binding protein (IGFBP) and follistatin (FS). Between the IGFBP region and the SP region, there is a region similar to the protease inhibitor Kazal [18, [24] [25] [26] .
Many studies have demonstrated that the HtrA1 serine protease is involved in a variety of diseases [27] [28] [29] . A single nucleotide polymorphism (SNP), rsll200638, was identified in the HtrA1 gene promoter and found to be significantly correlated with age-related macular degeneration (AMD) with a population-attributable risk of 49.3%. Individuals with the HtrA1 polymorphism have a ten-fold greater risk of developing AMD [28] . HtrA1 can bind to and inhibit transforming growth factor β (TGF-β), which is an important regulator of the extracellular matrix deposition and angiogenesis [30] . De Luca et al. have confirmed that the HtrA1 serine protease is associated with gestational hypertension and that HtrA1 expression is significantly increased in late pregnancy, with higher expression levels being observed in the syncytiotrophoblast versus the cytotrophoblast [31] . HtrA1 is considered to be a tumor suppressor gene [15, 20, 21] . In 2006, Bowden et al. used RT-PCR, Western blotting and immunohistochemistry to detect the gene and protein expression levels of HtrA1 and HtrA3 in normal human endometrium and endometrial carcinoma. Their results illustrated that HtrA1 mRNA levels in endometrial carcinoma were significantly lower than in the normal endometrium. Additionally, as the endometrial cancer histological grade (G1, G2, G3) increased, there was clearly a greater decrease in HtrA1 mRNA levels. Immunohistochemistry revealed that HtrA1 expression in histological grade G3 tumors was significantly lower than in the G1 grade [32] .
In 2008, Joanna Narkiewicz et al. used semi-quantitative RT-PCR and Western blotting to measure HtrA1, HtrA2 and HtrA3 mRNA and protein expression levels in ovarian cancers. The results revealed that HtrA1 mRNA expression in ovarian cancer was significantly decreased compared with normal ovarian tissue [33] . Zhu et al. confirmed that HtrA1 expression in liver cancer tissues was significantly lower than in their adjacent liver tissue and that HtrA1 was associated with the occurrence and development of liver cancer [23] . De Luca et al. confirmed the expression of HtrA1 in normal esophageal tissues [34] . In the present study, we showed that the percentages of positive HtrA1 expression in human esophageal cancer tissues and their adjacent normal tissues were 42.86% and 68.25%, respectively. Also, HtrA1 mRNA and protein expression levels in esophageal carcinoma were significantly lower than in the adjacent normal esophageal tissue (p <0.05). The more highly undifferentiated esophageal cells displayed lower HtrA1 mRNA and protein expression levels (p < 0.05). Patients with early pathological stage tumors (I-II) had significantly higher HtrA1 mRNA and protein expression levels than in patients with mid-to-late pathological stage tumors (III-IV) (p < 0.05). Patients with positive lymph node metastasis had significantly lower HtrA1 mRNA and protein expression levels versus patients with lymph nodenegative disease (p < 0.05). Patients with positive distant metastasis had significantly lower HtrA1 mRNA and protein expression levels than patients with no distant metastasis (p <0.05). Finally, HtrA1 mRNA and protein expression levels were not associated with a patient's gender, age or tumor size (p > 0.05). Our results are consistent with previous studies.
Mullany et al. have reported that downregulating HtrA1 expression in Hec1A and Hec1B cells (both of which are endometrial carcinoma cell lines) via RNA interference leads to a three-to four-fold increase in the invasiveness of these cells, whereas overexpressing HtrA1in Ark1 and Ark2 cells leads to a three-to four-fold decrease in their invasiveness [35] . Chien et al. also confirmed that downregulating HtrA1 can promote cell invasion, that stimulating HtrA1 can reduce cell invasiveness and that HtrA1 is a microtubule-associated protein that regulates cell motility by regulating the stability of microtubules [36] .
Many reports indicate that during the early stages of tumorigenesis (when the tumor is still benign), TGF-β1 acts a tumor suppressor gene; however, in the later stages of tumorigenesis, TGF-β1 becomes a promoter for tumor progression, invasion and metastasis [37] . HtrA1 can bind to and transform TGF-β family members, leading to the inhibition of TGF-β signaling. The proteolytic function of HtrA1 is essential for this inhibitory effect [38] . In this study, we successfully transfected Eca-109 cells with the pcDNA3.1-HtrA1 recombinant expression plasmid or an HtrA1 siRNA. We observed changes in cell invasiveness in these lines using a Transwell assay. Eca-109 cells transfected with the pcDNA3.1-HtrA1 recombinant plasmid displayed a significant increase in HtrA1 protein expression levels (p < 0.01) and a significantly decreased number of cells crossing the Transwell chamber relative to the untransfected control group and the empty vectortransfected control group (p < 0.01). The Eca-109 cells transfected with the HtrA1 siRNA displayed significantly lower HtrA1 protein expression levels (p < 0.01) and significantly higher numbers of cells crossing the Transwell chamber relative to the untransfected control group and the non-targeting siRNA transfected control group (p < 0.01). These results are consistent with those of previous studies. 
